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YTE EFFICIETCY OF £ WINT TUNFEL.

By
T H Hiller.

Otviously tke most satisfactory definitiox= o.. .he effi01-
enoy of 3 ini tunnel should give as extreme Timlts cof numeri-
ocal evaluasion, gero and uritry. It 1s hiéhly desirable thet
the nmatheratical expressior resulting fror suck a definitica
should show how such fasiors as the motor end fan efficiencies
sffoot the overall =3.iclsncy; and, rfurthermore, one snould be
atles tc devrelc: from suci en sxprescion tre sfflclency of the
"fube" slons.-

If, bv some neins, s, steady state of mctlor ol a perfect
£Juid were establiszad in an ideal -~ind %urnel, thers would be
no losess, and the mosion would persist indefinitsly. in tae
actual tunnel, +the functlion of tke rchor-fan group s to over-
ccos the .o;al ics3 of hsad in the ttte due to frievion axd
eddies. The useful =srerzy skould ‘thersfore ve teken as the Il-

netic ererzy B; 1in the experimental ciamber, that is
' 0 p .
E; = 'éé A, (1}

“‘here - 0. is the spe?if;o welght of the elr in the experinen—
%2l chexosr A, +the cross-section a~ea of the ckhambez, =nd T,
+the mean Teio00ity. .

T:e totsl amouns cf snergy transformed in unit Sime Dy tioc

acmple*s scrhingtior of motor, far and tubs, is



vhere Eg is the energy supplied to the motor, znd going ulti- -

e o — — e

mately to neat the air. The overall sffiloisncy of the corplste

unit mey then be defined as

Eq
= ‘ 3
n_o Ec + ES ( )

If the trake power and efficlenocy of the motor be resrectively
designated by P, and 1, 1t 1is evident that we can also wWrite

'n°= ___.E_Q__ (3)

D
- E°+:m
m

In dafining the efficisncy of the tube and fan as & separats uvrldt,
we need only charge to the umit the amount of energy given by

EO +Eg— (Es—Pm)-':Eo +Pm=E° -l-nmEB

since P, 1is the brake nower absorbed by the fan. For this unit

with efficlency m, we have

B  _ Eq
Ec 'r'Pm ) EO"'ThEB

n= (4)

It 1s now easy to see that in order to obtain a definition
ci thae tube effioliency, we need only charge to the tube the ki-
netloc ensrgy in the experimental oharber plus the work done by
th2 propeller on the air. Thet is, ve subtract from the denoninzs-

tor of the expression for overall efficiency the motor and »ronci-

222 losses; thus
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where P,; Is the useful power delivered by the fan, and rust ve
squal to the fotal loas of tead hy due to friction, mltiplied
by the weight of air handled in umit time. (since we are ueing ¢
ergineering unite). That s '

P, =0hp AV

vhere ¢, 4, and V are, respsotively, the specific weight, cross-
seotior a-ee and mean veloclty at any seéction of the tube. Tre

tubs efflclenoy n¢ 18, then

E
7, = E—o'ﬁ'ﬁa
But also
E, = A1 A ( V;a) A,V,
And since
Ap = —B-é v,®
Then

Eg = Ap, 4.V, =P, hg 4,7,
vhere Ay, and Pk, ars, respectively, the tneoretical pressure

drop witih no friction and the velocity head in the experimental

clLamber. Or account of contimuity

plAV

V, =p A7

Hsnoce

Py = p,br AT, (5)
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"rerefere tke tube efficisnoy may be written

1

:‘:.i
1+ho

Ng = (8)

vhich show= 'taa’ the efficisncy of the tube i3 & funotion only

of the ratio of the loss of head due to frietion, tc the velooi-
ty head in the experimental chamber. In design work, it 1s ikis
last equation which ner ve sppliled to predloet the tube efficiency,
since the sum of the various losses ln —various parts of the Tube
can pe estimated as & fraoction of tke total head, fron; exrpiriczl
deta and formulas,

The useful power of a propsllsr working under statio condi-
tions 1s usually dafined as the produot of the thrust and mean
&ir velooity in the diso of rotation. The thrust Las besen
sho’wn to be very nearly edual to the product of the mean differ-
ence of nressure fore and aft of the disc and the srea of tae

diso. The useful power may then ve written

Py =4p, 4 va

If »p congtart,

Py =4p, 4, V, (7
Equating (5) and (7) 1t appears thei, where a wind tunmel
propeller 1s used, “he inorement of read at %tre disc must be
equal to the drop of Lhead due to losses throughout the tubs. If
we deslignate the proreller efficliency by o

P1_1=Pm'r|p



Bux, since P = Eg T, e have

— (s)

4 nss bean shown theoretically,* and verified experimen-

tally, t-at for & proreller working under static oonditions,

np = const.
and
P, «V?
If, then, the conditions of flow permit the assumption of con—
stant density throughout the tube

E
59 = const.
n
E
;g = oonst.
u
Therefore,
‘n = coust.
and
ng = const.
The «over-all aff. iciency Ny DRowWever, cannot rexaln constant

and independent of the velocity unless the efficiency of thne
motor remsins constant. (Interesting and important discussiors
of the laws of similituds of wind tunnels and propellers can ve

found. in the references given in the footnote.)

* See "The Design of Wind Tunnels and Wind Tunnel Propellers,”
v Edward P. Varner, F. H. Horton and C. Y. Hebbert, ¥.2.C.A.
Report Jo. 73: &lso "The General Theory of Blade Screws,“ oy
Gaozge de Pothezat, ¥.A.C.A., Renort No. 39.




-6 =

Urging the foregoirg definitions for the overall efflicien:r
and the e?flolsncies of the separate uvnits of & wind iunnel 1n-
stallation, it is sesr that in each case, as the losses appi~w
zero the effiolenoy approactes a numerical value of unity, and,
vice veraa, as the lozses approack infinily t29 efflolencyr &o-
vroaches 13:6. Two dissimilar wind tunnel irnstallations ray hep-
pen to have the same scmbined tube-far effiolency; out by deter~
niring the tube effiolency of eack, ~e can ascertain the possilil-
ity of lumproving tte performance of one of the installatiors.

The -formulas thus a’low one to obtain a satisfeotory basis of
corparison between the separate units.

Ac & ~esult of the foregoing trznsformations we are abls 5S¢
rite down the effiolencies in the followling chronologloal order:

Tubs sfficlency--

Fan-~tube efficieﬁay—-

7 =.___l?_ = e
Sl eim 1 g BE
B hotip

Overazil efficlency—

sid
1l
.
&
&

n.=
¢ 1l +
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APPENDIZ,

The merits of a wind tunnmel Installatior heve bessn exizsa-
:d in %exma of the ratio of kinstic energy of the sirsam in tae
experimental chamber tc the power consumed by the gogplete ir-
atellstion. Thilas figure 1s generally termed the "Energy Retio."
I+ 13 therefore possible to write down ths definition of overall --

effioiency in terms or tho energr-raiio; shus, 1f the energr .-

tio is
R = =
o
then
Mg = —-—-——Ec ' = 1 = 1 = "-'F::
° T %, + Eg IT%%’ 143 | 4 .

Tre energy ratio (and as well, of course, the efficlency)
ghould bs computed npon the basis of the trus wind speed in the
tunnel; for, clearlr, the kinstlo energy of the siream is not
edual to the »=oduct of the veloolty 2ead for standard conditions
and the indioated veloocity (wktere s calibrated gzge is used) ur-
less the indicated velocity hnaxpenz to e the trus velocity.
Eowever, in »ractice, when a 80°F. Standard is used, the error
inrolved will usually be so =s:all tkhat thermodynanic correctioxs
nesd not e asplied.

Th3 vriter is indsbted to Professor Edward P. Tarner of tis
‘laszsachusstts Institute of Technology for the following tebula~
tlon of the energy ratios of some well-known —=ind tunnels, An

additional colurn of corres-onding effiocienciles 13 also given.



TA3BULATIOHR.

- ————

Lo roal
ns -.e.lllr-a.tion ' Enszgy Ratio Effg ::;:33?":53}
2s3. Inst. of Teca. (4-ft.) .48 32.5
1.P.L. type®

Lanzley Fisld 1,33 64.5
E17fel’ 2a. 1.35 57.5

_ i’lurt‘.ss (7 £%.) C. 69 40, 8%*

Ira.shin,g,'l:on Toavy Yard 0.88° 46.9
2ot5ingen 1.08 £3. 1
‘Buzean of Standards (3 £%4.) 3. 04 75.3
“oCnok Field 3.55 - 72.5
"ass. Inst. of Teon. (4-f%.) 1.31 i E6.7

venvurl ivpe

‘% Tde Mnnel has recently been dismantled.




